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(54)Titlc: APPARATUS FOR GROWING CRYSTALS 



(57) Abstract 

A simple and cheap apparatus for growing 
'7Stals, useful for crystallizing biopolymers such as 
^roteins. The apparatus (20) is provided with first 
liquid reservoirs (23a and 23b) for holding a liquid 
used for growing crystals, passages (26a and 26b) for 
transferring the liquid from the first liquid reservoirs 
(23a and 23b) to other places, and a second liquid 
reservoir (24) for receiving the liquid transferred 
through the passages (26a and 26b), The first liquid 
reservoirs (23a and 23 b) are formed on a substrate 
(21) made of general-purpose material such as glass. 
The second liquid reservoir (24) is formed on a doped 
silicon substrate (22). Crystals are grown on the 
silicon substrate (22) placed in a predetermined 
electric state. 
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fzt:ii-£i-v=^>'mmni:t'm^mmxhoo ^ti. z<Dx-jf£m:m. mt. 
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T- «9 , T^P^fg 2 2 y 3 > ^^I^ISbIj 7i ^ !b 6 S-tS T 5 c >• 'J =1 > if^?ll 
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25 0 i;i|aiZ^ ti^ r ^ /j:.' # o » -hSP S-tii 2 1 t TU mm 2 2 >r .-i^ o ^ a 2 0 . 

^3 2 (1 j;oT{5f^^Pr1$tLfc^f.f 3 1 f*OT:^J^f gf.^^ 3 3 id j: o T i5l5~7K¥{-^' 
J#$il.Oo ''i?553 1 {dfeitlS^IJ-^«5 3 4/pli\i^?$n. ^^§53 1 F]i.im.^'^?t^^IJ 
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5 yT^-itf^^'o$:tM^,m 3 i m^i'^^K^^, i^(Y5 3 7{cvf5f$:3 5 

2 (7:)3*^[Hj 2 2 a l^it. ?im8Tf^Sf. 3 4 (Cf^^^ $ ^Lo -/f^ff^^dt^ C T .Lil! L J: o fj: 

i&m'^m3J}'^ijfz.h^ix-:jo ^:y'<''nmo^\\:.i^^i\-x. ivm'^tm:5.\m\^^^ . 

10 rcmi 2 2 a (lil^t. nti^ffi^JE'-ftfei-o ct 0 tC/jJo. #jM 2 2 a .hT\ 
ST oil. ^r^f||,CO^:S/j^fjx.^ii$n^. 

^^15 2 3 b {::J^-i5lfb-^r-<#f//®^^tp«^AtL. Rt@$P3 4 (c^oV^T^Ke>^7^ 

7 1 oco:57^T-M^HX^ L. i {c?B;i5^ $n/cHt&?&P 2 3 a :}oiI/2 3 

iEfe^^^ti^L. L;?)^t)ige(^'=':^ h^{&j^$-^^o MT.^ntz.mw^'^mm^m 

25 El 3 (^^j^-r J; 5 id. Hr^U2 3 a*/-c(±2 3 b tn^^3 4 ^ COPBliCfil^M/jS 

b i: I? tjt&vMiStcifcao rc^l^HcT^fcJ^. It©^.3 4 {cif^^^^nojSft^l^It^ 

^.2 3 a^/cli2 3 b (C?jfLniA^ V \ — :: C0lS.^W7cS^). ?;fLS§2 6 a jb^J: 
(i; 2 6 b O It^&r^ 3 4 ^ij i ItS^ 2 3 a i: 1/ 2 3 b iRij ^ c^PbI (^i±;^ ^/j^^ C . 
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# -So 

El 4 ( a ) ~4 ( d ) \C7r.-t'^MiJ^^mmm4 0 m^(D^H-\'T-X:''f-B^B4\:<Drz}^) 

5 ?fr^S^S4 2 75^ib'1^0o ±§PSt^4 1 i^fl, 1 of[il(7)fl;ii, 5 fliLDMiS^L. *3j:r/ 
1 0;^^?i^t7}^??M$i^TV^5o ^tL-rt^^^fl^li. K^f^lTg&r^4 3 a, 4 3 b, 
43c, 43d, 43e, 43f, 43g, 43h, 43i ^XXf4 3 j Sr^fix 
-^6o ^tt^'^l(^5l^{^o/^;ei^O?t>i»^SS4 6a, 46b, 46c, 46d, 4 
6e, 46f, 46g, 46h, 46i :ioXXl4 6 j ^mf^T<Do -h^r^S.tS4 1 

10 (D^^m^Mf^^ntzb-ocommiit. t^^si5 4 2{cj:o-r^/jMxTv^oo ± 

IfRS*^ 4 1 nt- t X. It:^' y^t^h fi: , Tgf^StS 4 2 Is: K- :/ -r $ tbfc^^{:$: 
S^S;^-'b^:e-So ±gPSt54 1 (i, T^iffit^4 2 {Cl3:t7bn;^ct5'$fbm (s i 02 
«^) ^vrLTT^..£IS4 2(^ig^$noo T^r^Sm4 i(T:>^m}i±.%mW.4 1 

?F^;iSei-L/cff:ii?Lc^^ix-rnc: {-i;oT, ?i5fmggl5 4 4a, 44b, 44c, 
15 4 4 d ■ii^U4 4 e /j^ffM^iXOo iff^f*rfg$P4 3 a ~4 3 j \Z.^i\.^t\.^m^ 
iX^mm-^. '<k^%4 6 a ~4 6 j ^jt\.XmWf^%4 4 a ~4 4 e (dfi^cHiAti^ 
r <i:/jS-e# Oo ^-^.'i^-gTIi, 3 o<7:)?gfWrg&r^^ 2>^:cDefLS§-eo/^V^f£^^ :y 

20 ^f^'9ttli-Cl<h/j5T§5o 

[a 5 ( a ) J; tJ? 5 ( b ) ilTT^-ri^B^s/^^ftffl^E 5 0 ?j . fl^ <^^^f4=TT?SH%ib^ 

J;li«T§P£t^ 5 2 7i^ib/£oo iti;ttt\ ±SCStS5 Ut;y^>'./6i^;^^ 0 , T^f^S 

ibix^c T^PSt55 2it, ^C9±M?fM5i^7•lSt■^b)li5 5%ifrLT±^£t^5 1 
Mf^a^^rtoo r4x'bc7:)l:ii?LiT^SIS5 2 irJcictoT, vfSfW^^TiS 4 a, 

5 4b, 54c, 54d^J:t>'«54e ^~^?F$^$tL5o ±^)S|g 5 1 ©IfcD 
:^S^=eV(^(^Pt^§P5 3 a , fi:hmzMm^'\--^mM%'^^^^%^ 3b, 53 c, 5 
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-^.?j^-0?ntSS 56a, 56b, 56c, 56 d J;I/5 6 e ff^WM^f^Oo Ltcff^ 
oT, m^^^^^5 3 a {:lf^^^$i^5^K^^|■l, ^7'^^ijft£-C-i7fu?§5 6 a~5 6 e 
LX-mmr^^U 5 4 a ~ 5 4 e {^sftHiAti^ -IJ . H^N^Kt^Sr^ 5 3 b ~ 5 3 
5 f i::^f€$:}yJ:U^||'S(^S-^^^?^iSS5 6 f , 5 6g, 5 6h, 5 6 i . ^3 5 6 
j m&m^i^^o t/c;^^oT, mmr^US 3 b~5 3 f c^)^th^'M^hmt^=^ 
'{fi&Xmi^^^W}^-^^ - i ^J^"e# So -/^(Wl^tfP 5 4 a ~ 5 4 e It, ^tb^l^ 
|?|/c^oij^ic-eVf^:f*^S:AHc)/-cJ6, Rf 5 4 a ~5 4 e T^n'Fia#^ttS?M 

LTV^5o 0(t, ±ny&m6 1 ^T^r^Sll^e 2 a*3j:tK6 2 b i;6^ib?'^ao 

::;^^lbWS•t^^li, ID 2 ( a ) ~ 2 ( c ) , [2] 4 ( a ) ~ 4 ( d ) iU^il 5 ( a ) ~ 5 ( b ) 

§r.M6 2 a ii/e 2 b K-t°:/^-~$Hyc^^f«tS^'0{ffim-^^^^"Ji^$H 
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-r > ^^Id J: 19 ^pJfi's $ felt ?L(^§P5u^ ^^'i^^u\\L<Dfz. icffl V ^T t J: v ^o 

-r ia.^'rL . y =^ > SIS 7 2 i: F< o ^ T^i !ifg:M:-f|t ^^-foo ElS 
$^(^ft®{d{t, ^I$S[COVi?:^^(^?^ (Vtft) 8 2a, 8 2b, 8 2c^oJ:U?8 2 

d ;0 ^ K o o ^ n-r^'H^ V ?t ( 5bn j- -5 $ i; I>T?i p (T!) tt^ o T V ^ 5 o 

^5c$n5o ^ Wik<Dmk'nm'd 2a, 92b:fcJ;U«92c 

25 otLOc ^i^^'i^O?t{C:^3^to§r1PS^^CO'f'Si±^/^oTV^So ?ft9 2a{-±, TfiPlfr^ 

i« < 7-:^ o T v> 5 o m 8 *3 J: i/B] 9 \z.^^'tm^ \-t . mn. ^ xm%i x^x^co m^m 
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.^laEg-efcoo -t^^^h. ^fS^P 1 0 1 ±J; 19 t. V?t§r> 1 0 2 M^oVNTiiStejcl 0 
^ai^<Z)M {d J: "9 . Mii^ 1 0 2 (7>ijii/5^ ft t> J£ < -5 :i /j^^^tS $ n -5 o Lfc 

Id J: o mm $ fc . l£B^t^c7:>^^:Jo J: IJ^^B^aCO^ft /j^'^^ U T E r "9 ^# 6 
25 So -t^aiohs 1 2(D§iPilJl/j5^t>^VNgp^{d4oVNT. ^H%^1 1 5/j5^ 

1 2co^m%\z^\^xmi-hmt^Jt<fir^x^^'^^. 1 o±(c:?fM$ri. 
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^/j^0^Lv\ f^J^^p^^'7:)-t^'1' ?L. ^rtfir-i' t >• i oofffi 

0 3 ~ 1 O 0 m(7)$E[IH;6^$T^ L < . ft^flO. 1 ~ 1 0 mm(7:)|QSi/j^$?^ LV\ 

^^t fAtff^ LV \ ft* /ci{i7LcO?^ ${1. 0. 01~200/i m(Dmmfy^Bt. L 
10 v\ ~tLbiZ)f-^X{i, '^Mif&-S:mmm(Dmm±m:iHi^L\^^iyCD-T:h<it)K :i 
n^c7)$5Bg^^x.o1:^-f'X(Z)ft. a. */i{iT^^> K^JfMLTt,M^x.;^£V\ 

m^n^Do x-ox. :i(Dmm'mi^<rj'j^^ji:ii^}z-'Lx'^^mm7A±j&^no-h(Dt^ 
15 X-htL^o mi3n^ m^ff^j^i^f^mR'Dmmmii^Tf^Lx^^^^. titK.i-£s n 

mnmrnmitL'/f^ fs < o x v ^ 0 o 

g] 2 ( a ) ~ 2 ( c ) {::^-rigBlj^ftffl^a<^±§f5S*g(* . 7t t ^t^lEi 1 4 ( a ) ~ 

20 1 4 ( f -piciiiiit^n^o ^-Ts 2 1 

{ffi-To ([Hi 4(a) ) o Ktel 2 1 (i. /c^;ti-l;t?'^;7.$;i-efeOo StS 

1 2 1 ±}:lB'f^E<7Jy^^">^W-rof:¥:Siml 2 7a ^JF^-fo (Ell 4 ( b ) ) „ 

25 ic:?Ll 2 8^?F$;5t-ro (11114(c) ) , y -y^r-y'r-t ^m^B^. H 

Hi 2 7 b^?FMi-^ (mi 4 (d) ) , 'f^ii)iic7:)^^^7_>{t:}^{^^ ii^c^y y 
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mM^l 2 7 h-VMionXh^r^i^U^^y'i^B^l 2 3 a jb^J:U:i 2 3 b. fj:hXI{:i 
mi 2 6a isXm 26b ^Mj^-^'o (IS 1 4 ( e ) ) „ CI <^Xm}c::iol ^T . 4" 
ifa:(7-^7L(t(ti^$ix> iri®7Ll 2 4/jSjf^;^$tLOo f^fiSi^l^r^-iLT. -S^Al 2 3 
a t3c^;t/ 1 2 3b. nMJl 1 2 4 jo^tm^l 1 2 6 a :^ XXJ^ 126b ^^ft-^S-tS 

5 1 2 i/jq^biio (IMi 4(f ) ) o ^^v^^•^"'^fflv^7t^JDX,-:^yi{-j:. i; 

10 EI 2 ( a ) ~ 2 ( c ) {i^-^ri^ffi^OT^r^SISli . fc 1 5 ( a ) ~ 1 5(g), 

1 6 ( a ) ~ 1 6(f), 1 7 ( a ) ~ 1 7 ( e ) * "/ctt 1 8 ( a ) ~ 1 8(e) iZ^-T J: 0 
^e7'D-t7.(c^oTilM-^o r t/0^T'#5o m 5 (a )~ 1 5 (g){i, ^liCcDT 

/£:>:#e^W-r6St^l 3 2^ipil-r5 (01 5(a) )o St5l3 2lt. tz.}l 

15 x.ii*'>y ='>*Sh^75^^7'£oo sisi s 2{^x^ LT-i':^^^-;iA^fT7'^^ (HI 

15(b) ) o £tg 1 3 1 }L\Z.vm^(Dm^-<:KAmim \ a 3 a;?/5?f$)3.^$n5 
(iH 1 5 ( c ) ) , 13 3a ±{C0^ft:C^ y ^ V (S i O J flll 34a 

^?f^p3t-r5 (Hi 5(d) ) o t^\Z. mit'^'J ^>ilU^WT'^(Dy<i^->l 34 b 
iZ.:^^y^>^'-r-^ (01 5(e) ) , ^tf, L/-cS1S«ffi{-^ ^;'^>'^^'^li6i L/c^. 

20 g^ikv- y =^ »!i^r^*i-ii.{^. ^^MtiSiT^T-r ^ k 1 3 3 b //ists 1 3 2 

?FM$i^S ([Hi 5(f) ) o ^^kv^■T:^ ^m^5®(7)T^ Kl 3 3 b^^-T^ 

mm 1 3 2 (Dj^IKd^^bv' y=:3> (SiO^) 11^ 135 ^^F^^Jct"^ (El 1 5 

(g) ) = ^±(Dy'ti±:;^n. ^mwmm.(Dmm:y'^±:^izw^m\^^hn^:^'& 

25 m 1 6 (a)~l 6 (f )}i. V?t^WT5Tt^>S1Sc7)®iit^yi?r^LTV^^, 

gT'c^I^t^^Wi-^i^y ::3>'^(^S+51 3 2' ^^ilil-O (0 1 6 ( a ) ) » g 

tsi 3 2' 1 3 3' a ^?f$fi5c-t-a (EI 1 6 (b) ) „ ^^mm 1 3 

3' a ±(^S^ft:v-y =n>')l^l 3 4' a^?F^J55si-a (Ell 6 ( c ) ) , ^iti^ V =^ 
I^mim'^0^^<^-'^1 3 4' h\:L=^y^y^^'t^ (Ell 6(d) ) „ ^ffiUfd 



21 



wo 99/23284 PCT/JP9S/04573 

m^^m{-myy^^^-y^:^^'y^^'^'i'£. V^i S 6' a. 13 6' bjo^t5l3 
6' cT^-^nhtl^ ([1116(e) ) o mt-yj ym%:f^^^Lfz'ik. S*5 1 3 
2' cnjSlSjigg-ibv y :n>^l 3 5' ^jf^^iSc t T Tt-SSfe ^ f# o (HI 1 6 
(f) ) o 

5 j-t^^^'MUl 7 (a)~ 1 7 (e){C^p:-ri 5 iC^^ff^^LTt) J:V\ ^T. 

4^^r^i- XoS^g 1 3 2" ^M-rS (gll 7(a) ) ^ ^V>T% .-r^aA^'^ 
^ o 13 2" ±',^yFI^!^m i 32" ^Bj&-r^ (El l 7 ( b ) ) o 

3 6" a^?f^^KLTVN< (11117(c) ) o §i P^<^J[£ < bfciVN^f-^N $ V 

13 6" b 5o J; L>' 1 3 6 c feH^ (Ell7(d):;^J;t/17 
(e) ) o StSl 3 2" (DMIIS{::i?{t:i/y =^>'mi 3 5" ^ff^^LT, T^S« 

(O 1 7 (e) ) . 

^fz. mi 8(a)-i 8 (e){z^-rxo'^^. ^^hf^mu^iW^(.Dmm^pjf^<D 

15 /-^.^-^ 'CT-m^m^^^^LX h ^\^\ ^£::^S4^X# ^ costs 1 4 2^2p{i 

-r^ (n 1 8 ( a ) ) c 1 4 2 ±izj^mm i 4 4 a ^jF^^-r ^ (n 1 s 

(b) ) , y y ^■■^:7^fe^{'^oT/^°^->{i::$i^/:l'^^!ill 1 4 4 b ^JfML 
Ttts. -r>'AX^n^J:o (Ell 8(c) ) o mmUX-^:^^ ^rLfiU6i-SX^(0 

U6^iz:^m^mi 4 3imj&^ti^ (mi 8(d) ) » mui 4 3(Dmm\^mt 

20 >^ y 3 >^ 1 4 5 §r?f^^ L. Effa^OT^3£tg^#^ ([H 1 8 ( e ) ) » 

El 1 9 (a )5o ic/l 9 (b)i::^-r J: 9l^s ia^St^clrT^^SISi: ^a-airTEl 
2 (, a ,) - 2 (.. c ) liZTf^-tX n /^;gB^B®c:5^fi^#o - t t'^X'^ S-f El 1 9 

(a) \z^.-f-^^i^±ummi 5 1 tr^&mi 5 2 t^mmL-. mi 9(b) \z 

25 $n^lr-^□^^Sv^-c■v^Oc 7?~7:^StS>~>y =^>S®ir^it-5^-t-o±i#. 7ci: 
[112 0 la )~ 2 0 (c)i::^-f^g}^. T^PStSi LT^^^^S1St^->f-x:r' 15 
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m'^W 1 6 0 it. 16 1 *3 JlL^T^PStl 1 6 2f)^h^J:^o ±-S-PStR 1 6 

mr^^^^l 6 3 a^Xrjl Q 3 h^mf^-too iizMT^n^l 6 3 a ;c lift com 
ti^^m-T:T^r&^h.t:iWa-h 16 6a, 166b ^o<J;TJ'l 66c /j^o/^t)^' Oo Vf-^fW 
5 ia'gl) 1 6 3 b (C^ft ^ c7,:)^r^ o fllTJf:;j5)c i-ht^rTii^n 166d. 166e:j3i:t/l 
6 6 f /j5o7'^;5^'5o -h^PStSi 6 1 ^ixfc 3 oo^Kia^Lo^H^'Hi- 1 ^ 

6 8 /J•^J^:;^^fe$i^. ^ l <^>^2^i1>;jl 1 6 8 ±\zltm i (T^^^ii*® iri^mSi^/cfiS 
10 m]&(^:>^^^^'^2(D'^m-i^m-i Q s/j^ffMet^^o IS2(;:)^^f^gi 6 9(DT-{ 
f7vK(i. ^ 1 (^^ifff:^® 1 6 8±i:l^b^v^T-^ MJ 5/^:7.^{;iia^iJ$nao 

im(^yw^^fy^ ^-tmiR i e 1 ofCii^K-Aocfc ^ . ±iJi)£isi 6 1 tr^Y^&^E i 

6 2 c^/j^^^^$tL^o ±^.Stgl 6 1 (r)WmitT^&Ul 6 2±}c:j^;^$ti.S 
'-^mi^m 16 8 *3 J:t/ 1 6 9 {ii: o T?f^<:$:HTM^r^ 16 4a, 164b ^XXf 1 6 
15 4 c yjm^^^n^o mtfCT^^> 16 3a *5i:I/ 163b IC-?rH^*nf:^i^$i^5?j5 
i^il. Vjft^^J 1 6 6 a ~ 1 6 6 f ^iM~ LTH-^fWf gtP 16 4a, 1 6 4 b *3 J:t;« 1 
6 4c {c:fifti^)2iti'r t ff^V^ 

1 (a)~2 1 (d)i^^i-j;9i^, Tnmm±.\m'^(7)^<^~-:yv'^mi^m 

20 ipfin-To (m 2 1 ( a ) ) o 17 2 1 (Di^^mitm 1 7 8 a 

2 (7;iti#f$ji 1 7 9 a ^HiiCitfjS-rS (112 1 (b) ) , 2 0(7:)4^^(^g 

25 1 7 9 b^?FM-r6 (E12 1 (c) ) o y y^"7:7^'^fflV^T, m2(D 

¥^f$:®<7)-^.^^:y^Vi^'L, - V-fk $ixfi^ 2 1 7 9 c ^# 

5 (1112 1(d) ) o llk±(DlLW^X^ . m2(D'=l^m^(Dr^ 

i^mi^m<DT^ v> v^^-t^rum^s.coixf?K)\z.. ii22(a)~22(f)ic: 
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t)i:v\ iL'g^i:^t $c^;^;■7;7^St5l 7 2' ^Mto (112 2(a) ) , 

^ix^'iLTT^^X-vCVD^fClJ; i9i#IS-t-o (1212 2(b) ) Wi:^(D'^mt^m^ 
5 ^ ~;'^>^^~'UT.'°^?->"fb$tL/c^ 1 tOi}^3»f.is:® 1 7 8' b jo J: 2 (7)^^^4^ 
®1 7 9' b%#o (El 2 2(c) ) o ¥#f^S-h{^BT^'7^^°:^->-^^T5&5^ 
iti^V =^>'m (S i 02 HI) 17 5' ^?fMTo (0 2 2(d) ) » Bt^kv-y ^^^^ 

ff^nhil^ (112 2(e) ) „ mitiy V l^m^l^J\^-r^ ([212 2 

10 (f) ) = 7 2' ±iai. mB:(^)vmmm^tirzmi(Di¥-mi^m 

17 8' c :^Xrjm 2 17 9' c ?Dtl.5o V?^(7)JS{Z:{1, ^ 1 (D 

1 7 8' c imm-r^o 

m 2 0 ( a ) ~ 2 0 ( c ) {C^-r-^S(7)±§r^£;tg}i, !2l23(a)~23(f) iC^-f 

15 ^mmi 8 1 ^mm-r^ im2 3(a) ) , m^&i 8i±izm^(7)y^i?—'^^m 
-r^mnm i s 7 a ^jf^^sfe-r-s (m 2 3 (b ) ) „ ^-^5^>iJ'i;:<t mm 1 s 1 

{c:7L 1 8 8 $r?FM-r6 ([112 3(c) ) , $ !b{::^>:?->"fb$tL/cf^lim 

18 7b ([a 2 3 (d) ) , mUmi 87b ^-v-:/..;^ ^ LT::^:y7^> 
ir^n^j:^\-£s S^g 1 8 1 ±\^m^ 183, ?ti86a :}b^i:D«l:ii7L 18 4 fjm 

20 fiic^nS (1112 3(e) ) o ^!kV^-r\ ^11)11 ^l^^-f-tLtf. i^^^/^^it^ S 
±$|S£tg/j5#bn5 (H 2 3 ( f ) ) o 
12] 2 4 ( a ):joi:t/ 2 4 (b ) tc^-j-i: 5 2 0(^St5;55t^^-$H'5o E] 2 4 

(a) ic^T^-Ti: e) ic. ±ummi 9 1 .^T^pstgi 9 2f^\^f)^\.'^^iD^\z.mm^ 
n^o ^LT. [212 4(b) #iigf^jic7)§r>^/y^±§RSisi 9 1 CD 

25 KiiTLfcA iitp J: -) . ±umm 1 9 l t Tumu l 9 2t fjm-^^H. t^^^m 



202a, 202b, 202c, 202d, 204 /j^?F^fi3c $ Tl 
TV^§, mimj^U 202a~202d}t. ^IgP^iCti^ 5 ^ 1 (D/^ft^lt^Sr^i-^g 
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^m^mm-r'su 204 a. :r^mmi:-i't ?m2 (Dmrnrfsm^m^^-t^, mmr 
-'jjs mmT^^^2 0 2 a~2 0 2 d ii, fs^^ 7-m(Dmmm± 

5 i::?]:':/}.^ $i^-D. ^mommr^U 2 0 rmmTm 202a~202d/j^b 

#t^a ^n^^%mi<y^mm ^ ^xtim-t-m^%w^-t o /c o t> ^ o e ^n^at© 

10 0 2a <^-/???fSRtgg|3 2 0 4 <h Hd^L^ 2 0 6 a (1 J; 19 iiJg^iXOo mm^. ^T©^) 
2 0 2 b, 2 0 2 c to ct I>~ 2 0 2 d fi, eSSS 206b, 20 6 c, 206dl , 
2 0 6 d2 iiXU2 0 6 d3 \zX^)MJ^^-^-^Wr^^^^2 0 4 t'm^^h^^o 
#$5:cD^tMtgtf. 2 0 4 2 2 6 7i>S3:tt e^n^o sftS-S 2 2 6 It. P "9 # 

■> flr^^fr. 2 0 4 m±^M'^^-tOo Et^^B 202a, 202b :foctt/ 2 0 2 c OjD 

15 322§PlC{iiPMmi^ 2 0 8 m}fi!sl^h.O. mm 2 0 8 }i, y< K 2 0 1 \Lm^ $ 

n-Do HT^'ffP2 0 2 d cDjiii2^(-t>^nSfflm*^2 2 STi^^i-tibn, m^2 2 s « 

^N.^ K 2 2 1 }Cil|5c$tL^o M\^2 0 8:}3J:U«2 2 8 Ky<^y K2 0 1 *3j;t/2 2 

1 ^'Jr LX^n^'nmM.-t^ :: <t J: >9 , if 202a~202d {^f^i^^ia 

oomi <^mitf(T^m^m'^-r^mi^'^^^2 1 o a*5i;t/2 1 o b, ii2c75?i^f$:aT 

25 ^m^W^-f'^RJZ^^yl^2 14 a, r,^ ^>tJ«}C#?ft-fer>'^2 18 a, 2 18 b5oJ;U^ 

2 18 c //^ii^^/^fiSidSdS^ixOo ?^?!Sir/l-2 1 0 a^XXl2 1 0 b tKJt^-^ 
/V2 1 4 a i:ii^H^'iT.»f£Sg2 1 2 a*3<tU«2 1 2 bT'Ji^^^nao SJ^^ir/^2 
14a i:i^N^-fe/b2 18a <b (Drp1li»Sif§ 2 1 6 a T'iil$$tL> 2 18a 
^218 b(DrHl/d^^-a«{C:2 1 8 b ^ 2 1 8 c (^PB^iCsfuSg 2 1 6 b ^6 it/ 2 1 6 c 
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14a. ^rgir/b 218a. 218b. 218c. :?3 =t L>"»fu&g 216a. 216 
JFM-e#o. ????ftir/l^2 1 0 a . 2 10 b *5 JlU^iT^Sg 2 12a. 212 hlt:^'J 

n2U±t''tc>:itf^-C^Oo — ;o, Sl^^fSir/vfi 1 2#]i: LTlj J:v^L, 

4 fli a ±T o T ^ J: V ^, ^ iL^lz(DBLr'L^±/i^com'4k:^ ^ r>Wg {c/^; C T ^ 

20 ttl^-rsr ^7)^T^5o Sfc;-fe^^2 1 4 a ft. mbcOf^?(g$rSArL. T^B^B^k:}:: 

a i.IjaV^T^I^a^(1s^?F^|5^-r-<§:9-Pfi^^meii:. ?S^-(^iz:/V2 1 0 a Ciftlio^i^ 
14a {c:-^^(^-t.'U2 1 0 a joj:U«2 1 0 h h^n^^Hi^m^^?!'^ 
!s]2 7i-i. Vf^fls^— :^-f^{CijicT 7ti6^j frigs CO -f?ij$r^ mi^^-rint^^lt. g 
mEiXh'O. El2 9(a) ~2 9(c) {5:. B]2 7.^X-X' »fcS!21. Y-Y' Kfr 

iSEi*5j:u«z -z' mmmxh^. 'M%2 2 2\t. m^^x^i^^oo^fi^^vm^ 
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2 2 2 a. 2 2 2 b:}o j;tJ«2 2 2 c^^hWyJ^^n^o W{^COWi^f\^^Jj\^l^^W 

5 2 2 fiV?,t?ff5 2 22a. 222b *5 J:t/2 2 2 c \ZX-oXm^^^(OJfmt ^tlX 
(i. m 1 <7)«^f^RTg^o{C^=g^-roi$?l$ir/^2 3 0 a, 2 3 0 b *5 J; 1/ 2 3 0 c //^ 

m'^^j^r^'im^hiixMm^ti^o 3 0 a*oj:u:2 a 0 h^^h^ti^'^ 

1. 2 3 4 - 2. 2 3 4 -3. 2 3 4 - 4 ••• 2 3 4 - n /i^l^tt bHXV ^Oo — 
15 W^-^/^2 3 0 a jb^J;U«2 3 0 c ;6^b^tl^'tl.^l^$tUo^/f^^S:Atb^-<< . 
^2(D/lSf$:It^gP}-^i^-t-SS)^:^iryV2 3 4' -1. 234' -2. 234' - 
3. 2 3 4' -4---2 3 4' n m^^-f h^X^^^ , /I- 2 3 0 a ^ 

S§232-1 a~232-na/^ hU\:i 2 3 2' - la~232' -na /j^^^K 
l;£^^■i^/^{^®t/TV^'So ^?g-fe/^2 3 0 b;5^ibH»SS§2 32-lb~232-nb 
20 /j5^Sf&-fe/^{CMl>'T*3 "9 . ^t«tir/^2 3 0 c ^^h^M^ 232' - lb~23 

2' - n b ^J5=§•^F£;-fe/K::^rJ«Tv^So 0{3:^i-J: ^ ^^(DRjit^^Mzii^ 

-:>tzLmm<o^^'^m-/jm hti^o mm\M^^}t^±Mz.n}:t^Lxmm±^^ 

25 2 3 8- 1 ~2 3 8-n7te?3r/(::2 3 8' -1~2 3 8' - n ^i^lSllt bK5o - 
Hb(^^^^^(SiryU^^SJ^^-fe/^ir}l. ^n^'thi}^^2 3 6- 1 -2 3 6 - n/^ibU^ 
iC2 3 6' -1~2 3 6' -njcij; <9jiT^$tL5o Si^C^ir/P. ^^Vj^-tr/i-^J J;!/ w 

@?fS-fe/i-*3j:t/m^ir;i-iS^Sir;ut^Ji^i-^»{tSg}i. ;^^(7)^H.ffit^ 
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n±'^^r6fi^X'^ ^tzmm2 3 0 ±{^1*, Mmmm^2 3 1 a sib. 

^mM^2 3 1 a^J:XI2 3 1 b iC}:t, yi^T- 2 3 3 a So J: I/ 2 3 3 b^'/rLTlS 
;^]/jMft^^$HOc ?l'i7affll;1^2 3 5 a*5j;tr«2 3 5 b .£15 2 3 0_hfCl;^J^$ 
5 3 7 a *5 J:U:2 3 7 b (d^tt^'ix^Ji^^n^o rtL^jC^mS^^ .tl/iS 

id J: "Q^aJ-'fibtLOo mBmm&2 3 1 a So J; 2 3 1b {zMM-^ ^ :i t \^ X 

ffly^E3 1 Q <Dmm\z.n.. m\(D\mm^^%i\z.^m-r^w^(Dm^-^)^'6 1 3 a, 

3 13b, 313c, 313 d, 313e Soi:l/3 1 3 f , hTJ\':-Wi 2 
HT©§r>(-+iya-roS^c;^-iryt-3 14a, 3l4bSb^J:t>'3l4c /j^ig^ r>fig{::@S 

E$tL6o ::ii^b(7)?^Vf5-fe^i-<tSi^>-tr;^i:(7:)rBj}r}i, -?:;H^~;H?7ftSg 3 l 6 a , 3 
15 16b, 316c, 316d, 3 1 6 e So J: 1/ 3 1 6 f /j^?f$fi5c$^HTV'^Oo -tl 

^r^^^n^i^W^lit'to^MRWit. Rii7L3 l 7 a , 3 17 bSDj:l/3 1 7 c //^ 
20 •tfai^'h. Kii?L3 1 7 c /O'^ftt^;^;^ < , RilTLSl 7 a ^/Jn^ V ^„ 

i^g3 1 o(D$^§r^{c{i, ^jn??^fflmi^3 1 9S3j:maj^-5ij^fflmi^3 i stmnh 
ixoc [1 3 1 \z-n-^'ri(^Mi0Mm'^m. 3 1 o it, [§132 {c^-r i; 0 fj:mm. 3 2 0 
iaiA*;h.oo .t;'v;^sig^c^±^.s.tS3 1 1 tS'ii?L3 i 7 ^wrs^^sf^^sig 

^<7)T§PStS3 1 2 i:7J^^,rio*&H^Bj5icftfflgE3 1 OfS, ^§§3 2 1 F^illti^^^ 

25 ix^, ^^3 2 1 ^jsi^i^, mm\wmm<jDmu2, 2 Am^w^r^x^'o . m-^z 

t^W.^ T $ -5 o Wiix-^ '•'y ^ $ -5 f^?® 3 2 5 So i: rj 3 2 6 ^ 
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A.icnmii. mii7L3 i 7 LTT^&StS 3 i 2 <7)Tw{^JBf5&^tvta{^mTm 

%{z.m7-t^, zcox^iz.Lx. mmTm'M. mi-j(D:h-m^mnrfy^^ti-m 

jb^ J; V^/ ^ /c {i^fc:^ ^ IfT ^-fr o r ^ -(::• t 5 o 

Rm-^-f^^?. mmxh^o mn\ nmL<^WMn. i. o/im-smmof^sa-e 

[13 3(a) ~3 3(c) li. ^iilLCiJ: o Tig^fS $ Hfd Ji^^S^L^-fe/^ i: TlfT^S 
j^;-fe ^K7)gf|ji-^i:f.S!-ir7r;i~o [113 3(a) 9 t-. ?^"/fS!l?iftS§^irr LTTtr^ 

S^^3 1 2cD±ra{c:jf^s3c$n/cJig[SSi^;ir/^{c-/rCA-t-^/j^. ^lA Lfcr(^{tRii?L 
3 1 7(cJ;oTT^P>Rft^-fe/i-(c:5fLH?§:^. «3 2 7 LTf*J#$n5o HI 3 3 
(b) f.l^±^T3Sf&-t:^>(^?ifcA$^ir-CV^< m;^(^:^ 

^^i]^^?ii^T/J^o/i^^g^i3 2 7//^T§r^Src.^-tr/K^f^?#$H/c**. Ji^r^KJ^'^-t^^l- 

-C-^-r<!:4b^'9T'fc6o $ ^>(;itMI^±^^Sf&-t/^i-»fLA$-ti:6^. [113 3(c) 

X{::LT*D<<^. !El3 3(c) (D A\z.7]k-t X o l -D(Dn^mi^X±.:^f^^ ^ 

xir:fjm<DWMjmm^'^z^ xt)\^fj:^o ^t^. [133(c) (DB^ZTf^-tJ;:^ 
RJt^'^/i^p^xmmfr^w-mvtm'i^h^x^^^R.^^^f}K Mm\M. :i<DXo^i 

iii34(a) [133(a) ~33(c) \z.fjk-tmM^^^m^^n-r ^mmmm 
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^oymt^<mitL:^j:\,\ ^coj; El34(a) IC^^V^-Cft|tZT'7F 

5 ^ixSc — *^P^oo^E{c:*5V^T^i. Bl33(a) ~33(c) Ic^-f J: 9 

wfLn-/j^'S^t^-t: z'^fBT -C-^fe C 5 7c i6 , ;f^Hji.^(D,g0#B^^ fbfilSl 3 4(a) a^m^x 

!^m^^:i^^^tmB-f-:o, Bi34(b) \t. m3 4(a) \z.7jk-tmm^it(DiiL 
10 t@w>fit],m^7FLTVN§, 1113 4(b) {z.ij^'rmmx' . y *dJ;i>'z' it, g 
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